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Abridged translation of

®Investigation of Viability of Uredospores of Puccinia glumarum

Authors Johanna Becker

The only sufficisnt control measure for rust iz breering of immune
varieties.

Because of uncontrolled variatles izz thea iels testing of varieties
is best done in the greenhouse.

Immne varisties may be lacking in curiain desirabls attributes
which may be included by prover crosgsing &d the hybrid met {hen be
tested for rust immnity, Difiiculties are compounded in that immnity
to. one gpecies or race of rust does not insure immanity to other species
or races. Since immunity cannct be ottained for all rusts within a
gingle variety, it is necessary to create & variety immine to the most
disastrous rust within an areca.

In Germany and in the northern countriss of Burope (Denmark,

Sweden,; Finland, England and Northern to Central France) it is primarily
yellow rust that causes ;he most damage,

Pesola has reportedio&ses of hth to L47.48 with one hybrid as
compared 0 23.6 to 24.6% with another hybrid attacked by stripe rust in
Finland. But it is not only yield that suffers - qualiiy is raduced as
well. In 1926 the graila qualiiy in some areas of Germany, €.8., Pommeru,
suffered by a yellow rust epidemic so greatly that it was difficult feor

many farmers to sell their grain at a favcrsbie prics or to sell it ot all.

Since P, glumarum is recognized as the greatest parasita in Germany
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the Institute for plant culture and plant bresding of Halle University
deals principally with yellow rust of wheat,

» It was noted that yellow rust was difficult to maintain in the
greenhouse., Since a source of viable inoculum is a preroquisite to
testing varieties, attention was focused upon methoda of maintaining
gpore viability to permit testisg throughout the year. Periods during
which work with P. glumarum in the greenhouse are difficuit are those
o high temperature (July and August) &nd those of low light {November,
December, Janvazy)e ‘

" Longevity of spores also plays a role in overwint.ring.

K. Viability of spores of P. glumarum and of P. triticina

Kirchner deems the meintenance of viiabilfty of::\spores through winter
as improbable and Hiltner contends that they lose viability during winter.
Beauverie states that spores spend the winter in free air on the living
plant and Biffen deems it possible that spores over winter in the mild
climate of England.

Overwintering in European countries would correspond to maintenance
of viability for 5 or 6 months (October to March).

Beauverie placed grain bearing uredia of P. glumarum in storage over

winter to temperatures as lovw as -1206. From hundreds of tests started,
he obtained germination in only three.

Dacomet and F:et report that spores remain viable for one month when
stored dry. Metha also reports spores of P. glumarum have short life
but can survive temperatures of 2.5 to 5° for one month.

Most authors recommend dry, cocl locations for storage.

A . el




B glm is especially sensitive to external factors as compared to
other rust species.

In Hungerford's tests on effects of desiccation be noted that P, graminis
avenae, P. holicina and P, triticins mesintained viability for 81-82 days by
2 of 6 methods of storage. » but P, glumarum showed traces of germination enly
after 20 days, and only once was there a trace after 63 days.

. She tried storage temperatures of 0, -5, 15 and 25°C.

Cabinets were held in a cold room = vatep was circulated in jackets around
cabinets and electric heating‘coils in jackets were thermostaticaily controlled,
Cabinets were insulated with asbestos.

2. Atmospheric humidity.

R.H. of 80, 60, 50, ;0% wore miintained by H380, - vater mixtures.
(Table of Stevens).

Ieaves bearing media were collected in the field in June of 1926 -
pieces 4 to 5 cm. long were cut from the leaves beaﬁ.ng thick stripes. I1eaves
were collected in the morning, wrapped locsely in moist tissue paper and placed
in a moist ceramic dish at 21-22°C, This was covered by a gluss bell. In the
P.M. the material was freshly sporulating; therefore, the further development of
spores had occurred on leaves detached from the plant. (This is counter to
. Schaffintts (1909) finding that spores removed from the fertile tissue can no

longer be influenced in this germination and maturation. In his paper an attempt

to induce spores to mature on excised leaves was unsuccessful.

Becker did following testss

Ieaves with media were shaken so that spores dropped off. Ieaves then

handled as mentioned above. In adiition culms of wheat plants bearing media on

the leaves were washed with water to remove spores and were placed in a water




vessel at the same temmaratura and cammad with s hell lan,
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In both cases spores developed and germination was comparable to that of
spores obtainéd from intact pla-ts.

Spores shaken onto blscke-shiny paper and covered with' a bell-jar and
stored in the greenhouse at 1§-21° showed increased germinatio:; on the second
and fifth day after separation from the plant on the date of removal and the
first day thersafter germination was 129’; it rose to 41% on the third day and
to 52% on the fifth day. Subsequently inability decreased gradually.

III. Test Procedure
Iongevity of spores was measured at 8-day intervals and from January 1927
at 14 day intervals. Both germination and infection were cheched.
2. Infection and its dep.endency on external factors.

Ieaves with uredia were washed in 1% dextrose with a brush snd the spore
suspension was smeared on leaves with a brush. Ieaves were first rubbed
with fingers to remove waxy coating. Huerning's Dickkopf was the variety
used; 5 plants per pot.

Inoculated plants were placed on moist sand and covered with a
bell-jar for 2 days. Plants were then removed to the greenhouse at 12-21°C
and RH 50~70%. Temperature could not be held down during July & dAugust even
with shade covers and water cooling of glass roof, after it reached 259C at
noon.

For yellow rust, it is important not to exceed 25°C. It is espec-
ially sensitive from 3 to 10 days after infectiom. A‘S 24~259C subsequent
pustule formation is only weak and stops completely when exposed for longer
periods above 259,

N6 in,juryh wvas apparent during the period with morning temperatures
as low as 10°, tut there was some :iahy in pustule break which cccurred in
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Insufficient 1ight results in longer incubation time end in weaker
o ,ini‘ect.ion. F

The vigorous condition of the host plant iz decisive for infection
success--this previously pointed out by Casener and Appel and Rudorf. 4

750 vav. Osrem nitra~lamp was used to supplement natural light on dark days
axd 4in December and January. »
3. Gerrination tests, )

First tests done 4n 1% dextrose later used distilled vater to re-
duce bacterial contamination. D‘luted plant extract was not satisfactory.
Stored samples at 18-22°,

Since Erilksson ard Femming had reported a change iz molecvlar
strueture from cooling vhich stimulated germination samples were also tried
outside, tut no positive improvemer;t in germination resulted from this cool-
ing. ] -

Germinction was checked on the 2nd and 3rd deys. If spores were
gtill trown to yellow, they were counteC on the Lth day.

Lverages were made of 3 counts of 100 spores each. :

Usually the majority of spores were gray and shrunken by the 2nd

day and on the 3rd day, no colored spores were seen,

Iv. Discussi‘on of tests.
1. Checking longevity by infection. -
A. Exrvlaration of table.
4 clearer picture of longevity could be obtained from infection

{than from germination of spores.




Scale used  very severe - 1
severe - 2
“weak - 3
: very weak - 4 ‘ T
Colurn 4 of table ~ mean of evaluation of n;mhgr of all suc~
cessful infection on a given day. .

B, General opinions om course of infections. -

pulipmgeeipy

a. General Discussion

-

Appearance of attenuation of viability is compounded by external
conditione, especially low light, mildew. Table III shows all successful
infections as percent of conducted inoculations for each menth,

In August infections decreased because of high temperature.

The slight rise in infection in November and December is due
more o method of compatation than to external factors, since in December
the 15-40% and 15-60% were drc;pped out of the calculations, hence # of
conducteé inoculations was decreased while the # of successful infections

was not changed significahtly. January shows a sharp drop since some .’moeur
lations did not succeed at all.

D. Maintcnance of viabiﬁty.
(a) P. glumarum '
Best I for storage new or under 0°C. .
Lowest hmidity used (40%) was most effective, e.g..0-50 at
40% retained viability for 433 days,
0°-50% viable only 201 days.

.
v

i

TOT L A

-t

P LA P g At g )

gt

A

IS Mt el M e vy ot

"y e

rakadaon i q;"‘m., e

A AT

ik k)

CY




o ik

L Y b

drdvilond Sk

&%)

N £n ot
N h it e e st S | 2

\/

‘©

Storage temperature somewhat x;ore critim than humidity, e.g. Iittle
difference in early phase of teést vs Ov50% and 0-60% and 8 very high tempera~
ture 27-28° yielded no infections at'all.

High RH-80% rapidly dﬁages infection potential,

After‘i&le weeks no definite difference seen between 0°-407, 00-50%
and 00~60% lots. . \

Near 0° and 40% RH P. glumarum withistood 433 days or6l.9 weeks at 59,

17 dﬁys or 25.6 weeks.

2. Testing viability by germination,

The germination tests ‘wer'e conducted on the same dates as inocula~
tions.

It was noted that the floating spores germinated best. Beawerie
reported similar results for P. triticina and P. graminis t, He found no
germination of the sutmerged spores.

Often no germination or isolated germination was found when infec-

tion was sucesssful.

Results do not warrant a conclusion (Teble I¥) that high germination
parallels high infection.

At 59-40% RH germimti;)n held up best. At 80% it abated rapidly.
At 0°C the differences in germination of the O-40%, 0-50% and 0-60% material
was not as distinct as in infection.

She noted that the germinal power is generally greater than the
fighoot-energy®, i.e2., spores may master the strength to germinate but not
enough to ?phétrate: the plant tissue. Peliier obtained similar results with

P.g.t. but his lower 1imit of germination percentages at which infeccion
q
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1131 oceiurTed is reiativeiy high in compariscn 20 that for 2, glumarume-
namely 10%.

At lower germination percentages infection was tncertain or did not
occwr at all, '

A 107 germination is.considered good for P. gl . I{ vas observed

only during the first 12 to 14 weeks,

3. Viability of spores stored without adjustment of envirommentsl fac-
tors. (Temper;tm in the room often réacheg 25%.)

1eaves bearing media were collected in the field in June 1927 and
stored in glass containers with 14ds loosely seated.

Infections with stored material 7 days old gave good results--all
inoculated leaves infected.

After 12 days infective power hed atated--only one leaf was infected
although 5% germination was still obtained.

After 18 days only isolated germination was noted and no infection.

After 26 days neither germination nor infection occurred.

Detached spores stored on shiny bleck paper under a bell jar in the
greenhouse in 3 tests: 25 Mgy, 6 September, 27 September, 1927, retained
germinability for 15 to 17 days after high gemination on the first 7 dsys,
i.e., 87-65% in May, 52% in September. In the latter instance spores matured
in the first 5 days. After 17 days the spores appeared grey and shrunken
under the scope. Hungerford reported similar results—-from storage of spores
on a giass plate under a bell. Germination was high (76-50%) in the first
5 days but abated rapidly after 20 days-—~to only 1% after 23 days and to 0%
after 25 days. Storage of material at O to -5° and at RH of 40% permits
testing a mumber of strains on differentials simuitareously.
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B. Research upon germination potential of spores of P. glumarum.

I. Iiterature references.

Erilrs and Henn stressed the poor anderratic germinafion of spores
of P. glumarum. Beauverie, Iarg and Schaffint uw diffioulty in germina-
tion of the spores. Only Huncerford had no difficulty in gerniration of
fresh spores. '

Becker found that in the same solution germination might be
high in one test and low in another. CGermination fluctuated between 37%
to a few or none at all,

In 1909 Schaffint gave a new perspective to the problem, BHe.
stressed the importance of full ripeness as the decisive factor. Fully
natured spores in his tests germinated rapidly and almost completely.
Similtaneous maturation of all apt;rea requires a temperature of 20 to 25°.
This work of Schaffint gave impetus to the work on spore maturation at Halle,
The following facets were to be investigateds

(a) How long can one and the same mycelium produce germinable .

spores?
(b) 1Is decrease in productive power of the mycelium matched

by germinable power of the spores?
(¢) To what extent do environmental factors during their for-

mstion (especially duration of sunshine and temperature) influence germina-

bility of spores.
(d) If the fungus mycelium is directly or indirectly inhibited

in its development can it still deliver fully matured and germinable spares?

JI. The preliminary condition for research.
Pots bearing infec‘bedpla.nt.a were placed on cardboards covered

9




- fluctuated between 16-229,) - :

JII. Test Procedure.

Gexrmination of spores which fell of the lesves were compared
with those which were reléasqd by jarring the same plants and with thosge
.. removed by a scalpel (efter jarring),

B
AU E AT P S TRy,
Vb . 3

Germination tests were done in dist. water in a hollow groxmd
slide, O;lly the floating apt;ma were considered since past experiénce‘ kad
indicated that thése wers the more visble speres, A

Samples were checked after 7 hours. Samples were checked the
following day. Ssmples were checked on the second day after initiation.

PRIl BT L ot T R

b Gern tuﬂes usually grow away from the water and break off
easily; this is an importent consideration if examinations are made after
@ the 2nd day.

g 3. The germination power of spores is highly dependent upon maturity.
7 In every case the h&.ghest germination was obtained from the spores which

N VAR SAT o LI

fell off naturally and therefore were the ripest and oldest spores.,

LRL

There was some indication that spores from aging mycelium were
lower in germinability than those produced at the pezk of myceliel develop-
" ment (3rd or 4th deg after eruption).

Believed that increasing age of the mycelium has less effsct on

AP

germinatior. ability as such than on the rate of development of the BLove,

¥ oggy e b 4

B & } Spores produced by aging myceliun would develop more slowly, i.e., require
‘ . more time to reach maturity and hence maximum germinable capucity than spores

RIS T

produced by virorous young mycelium,
One cannot assume that spores separated from the leaf are slways

+

1o -

" .with shiny biaék-paper and cmred vith a bell jar, (Tempefatﬁro under bell -




equa]ly and fully capable of germination at the moment of separation. Yet
it is possible that such separated spores can continue to mature and a few
cases of this were found.

Spvores which fall upon shiny paper under the plant are not all of
the same maturity, but the immature spores find a more suitable enviromnment
for development than that vhich exists in the uredia were the moist atmos-
phere of transpiration inhibits the separation of‘mtor from the maturing
spores, Maturity is related to loss of water.

Maturation is believed to be affected by :light. Whether the effect
of light is direct-or indirect was not clearly determined by her,

Spores imbedded in media were observed to be larger, lighter in
color and not as mature as those that fall off.

Overvintering |

Mycelium lasts for at least 2 months in leaves during cold weather.
On 3 April, 1927, a few overwintered thick, dark pustiules were found. About
one month of favorable weather was required for transmission of overwintered
spores to plant parts formed in the spring. Rust was active in the field
from 15 June to early July.
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2.
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GCeneral Suunry'

Spores of P. glumarum maintain their viability for 433 days at ﬁght

frost tempsratures and relatively low R.H. which is evoked in a limited

space by a sulfuric acid concentration of 50% corresponding to a humidity

of 38%. .

Spores of P. glumarum are very aemiﬁn to temperatures above O. They

lose their viability much sooner than at light frost temperatures—at

50 after 179 days; at 15° after 89 or 47 days.

Spores of P. triticipa are less sensitive to temperature. Their viability

could be maintained for 291 days at 5° for 110 days at 15°; 41 days at

25°,

Spores of P. iriticina maintained longevity for the longest period at

light frost temperatures and RH of 49 or 60.7%.

Both types of rust lose viability rapidly at high RH--80.5%.

P. triticina is less sensitive to environmental factors than is P. glumarum.

a. During examination of viability of uredospores this property is ex-
presged by longer viability in comnection with all unfavorable types
of storage;

b. During infection in the greenhouse P. triticina proved less sensitive
to such influences of environmmental factors as light and temperature.

In the course of the year the development of infection fluctuates accord-

ing to infection conditions (especially light) and this to a greater

degree with P, glumarum than with P. triticina.

The preference of P. glumarum for cpoler temperatures in comparison to

and P. triticina could be compared to the occurrence of this rust in the

cooler seasons and in cooler regions.




9.

10.

11,

12,

13.

15.

The maturity of spores is decisive for their germinal power as also ob-
served by Schaffnit.

There must be a certain relationship between maturation of spores and dura-
tion of sunshine aside from the thermal influence of the sun. It is not
clear vhether the influence of the sun acts directly on the matufation

of spores or by way of the fungus mycellium.

The maturation of the spore do;a not necessarily progress in relation

to the fungus mycelium but may o:cur separately from the leaf.

Certain conditions (lack of light or possidly aging of mycelium) may

delay maturation of spores by several days, just as the germinal process
proper slows down and lasts sevaral dqﬁ.

Mycelium of P. glumamm in the tissues of leaves can tolerate cold periods—-
spores produced by such a mycelium are infectivo.

An excessive infection in the fall is unfavorable for transmission from
fall to spring since the severely affected leaves have little resistance
to weather conditions. .

It was observed that the dissemination proceeds in spring from mycelium
located in the leaf and that it spreads initially in the affected leaf.
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| Table 1 |,
) Toat:lng of longevity of eporea which hﬁcg::i‘hﬁm
:n;uba- Aver, soo—l‘gr. B o-;gg B Mgf . 30—80{ Inf,

dete ___lawe b g f B f ’ .

6 Juli n u 3a 9 7 7
Y Jwi 19 " 2a la e 2a
21 Juls 26 u 8 9 9 8
28 Juli 33 n 8 10 9 10

5 Aug 41 U 7. 8 . 3a
11 Aug 47 73 8 5 -
18 Aug 54 u' - - . - ‘ -

25 Aug 61 73 2,1 2,6 8 1;8 8 2;3 8 - -

1 Sept 68 473 1,9 1,5 10 2,0 5 2,0 8 - -

8 Sept 75 L 1,6 1,7 9 1,9 10 1,5 9 1,0 6
15 Sept 82 1 1,9 2,0 6 2,0 3 1,2 10 - -
22 Sept 89. U L8 1,7 8 2,9 6 1,3 6 2,0a 3
29 Sept 6 14 2,3 3,0a 2a 2,2 7 1,9 10 3,0a 1a

5 Okt 102 173 3,0 - - 3,0b 1b 3,0a 2a - -

13 oxt 110 17 2,4 2,9 5 2,4, 6 1,8 10 - -
2 () 18 22 2,1 2,3 9 01,2 10 2;3 7 - -




T

‘able 1 !; }
iia glumarum ! 1
'n held at 0%, 59, 15° C. (through infection, ! 1
TR 5408 5—50%
¢ E  Inf, E Inf, E Inf, 5605 5~-80% 15--40% - 15508 |
“ # ‘ # . E - ; Inf. E Inf. E Inf. E Inf-
: ; # #
7 a | ha 2 la 7
f 28 la - - - - ;
| 8 9 3a - - 2b z..ﬁ
‘ 10 . 10 9 2 - - 28
, .
; ; : }
| 3a 2a - - 4a -
f - 7 - - 3a -
f
? - - - - - - -
- - 250 3 ) - - - - - -]
1,0 6 1,9 9 =b -b - - - - -
1~ - 2,4 4 -b -b - - - - - {
j‘b,o a 3a 3,0a 1la % b - - - 3,0a 4a
,0a 1la 1,8b 56 b -b - - - - -
1~ - 3’0 3 -b -b 1
j‘: - 1,7 7 -b -b ;
- - 0,0 b 26 b -b - xo B e
; ! S
V h _!w_v — . -
- - e — " =
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Puccinia glumarem . — Paccinia triticina
No, of Inoc, No. of .success-. oo of Inoc. No. of successful 4
Month Conducted ful Infections Percent = Conducted Infections Percent :

i . 6ko 17k.2 27.2 - D
Aug 520 95.9 18.5 520 104 20.0
Sept 555 143.8 2643 ° 555 32,2
Ot 315, 69.0 18 375 . 15.5
Nov 360 L6.4 12.9 360 18.0
Dec 330 US.4 13.7 330 17.9
Jan 175 8.0 16 175 23 131
105 13.0 . 12,4 105 . 18,1
140 20.0 1.3 10 : 749
85 10.0 11.8 85 9.4
Lo k.o 10.0 Lo - 17.5

35 2.0 5.7 35 5.7
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Table IV
Puccinia glumarum
Testing longevity of spores which were held at 09, 5%, 15° and 25°C,, thro

0°-40%  C°-50% 00-60% 0°-80%  59-40% 5°=50% 59-60%
o, of % % % % % % %
days cerm, Germ, Germ, Germ, Gern, Gern, Gern,

6 Jult 1 a 2,3 18,0 14,0 9,0 9,0 9,0 14,0
» - 8,0 - 6,3 11,0 - -
14 Juli 19 a - 28,0 12,0 2,0 4,0 . -
: b 5,0 3,0 - 900 3’3 - -
¥ 21 Juli 26 a 3,0 1,0 . * - » -
b - 30,0 7,0 1,0 - » -
F 22 Jult 33 a 1,3 1,0 9,0 12,0 - - 2,0
: b__ 0,6 5,0 0,6 2,0 7,0 - -
5 August L a . - 16,0 - " - " 0,6
b - » » 1,3 3,0 - -
E 11 rucust 7 a 5,0 » - 0,6 0,6 3,6 -
1 b '6 4,6 1,3 g 6,6 - -
18 August 5,-a = . 0,6 - 1,0 - .
b . - 3,3 . - 6,6 . - -
b 25 Kugust 61 a 4,3 4,6 8,0 - 1,0 - - ‘
b 2.6 ¥ 5,6 - 1,0 » -
1 Septemter 68 a - - » - - - - -
v 1,0 » 1,0 - - - - -
[}
8 Septemter 75 a 2,0 0,6 2,6 2,0 3,3 - - -
t 1,3 9,0 8,0 » 8,3 - - 4
} 15 Septecter €2 a 3,6 1,0 13,0 9,3 3,0 - - -
b 1,3 12,0 5,3 - ; - - :
22 Septemter 82 a 2,3 4,0 12,6 2,6 1,0 - - <
b 1,6 29,0 0,6 - . - - - -
b
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250408 250508 208k Z50ag
% % % 3 k

Cérm. Corm
| 2 Germ, Germ, . _ Cerm, Germ, Germ, .Germ, Germ,
::‘ 1100 b - - - O 6
§ 4,0 - » - - it - - - 1
- : . - : : - : -
1,0 0,6 ] - - -
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Table 7

]

" Stored Spores Separated from the Leaf

Per cent Germination After

Month lday 2days  3days  lLdays S days
6 September 7 9 12 ?

7+ September 7 12 .dead ‘

8. September 25 W ? :
10, September 23 52 52 ?

12. September = 21 18 ?

20. September  —= 10 5 7 2
23. Septenmber

all spores gray.-




